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Hoiojib30BaHwe: w3o6peTeHwe othocwtch k 
MeflHL\MHCKOM rexHUKe m MOxeT 6bin> 
Mcnojib3oeaHO b xnpyprHw, opToneflww m 
croMaro/ior^iM. Cyu^HocTb MsoopereHvm: 
aBTOMaTHMecKne Komponb coctoahma 
oGpaoarbiBaeMofi 6noTKaHM h ynpaaneHKe 
napaMerpaMM HsnyMeHMfi na3epoB flpcTMraiOTCfl 
enaro/japa coBOKynHOcrvi BBefleHHbix b 
ycTDowcTBa xoth 6bi oAHoro npneMHMxa 

MH(J)OpMai4HM O COCTOHHMH 6wOTKaHH t BblXOfl 

KOToporo coeflMHeH c BXOflOM 6noKa 
ynpaaneHUfl, u aneKTpoHHbix KniOMefi, 
ycTaHOBJieHHNx b i^enax nuTaHna na3epOB m 
ynpaB/ifleMbix BbixofiHbiMn cwmajiaMW 6noKa 
ynpaB/ieHMP. HaJiMMwe b oahom ycrpottCTBe 
AByx nnn Tpex na3epoB c pa3nvmHbiMH flnwHaMn 

BOJ1H U3nyMeHklfi H HesaBMCMWblX BUXO/lOB, a 
TaiOKe B03M0>KH0CTb CMeHIHBaHMH M3JiyHeHMM 

arux Jia3epoB o6ecneMMBaeT B03MO>KHOcrb 
Tpe6yeMoro, opueHTupoBaHHoro Ha 



MWHMMaJlbHyiO HHBaSMBHOCTb pe*KMa 

o6pa6oTKM. 5 mji. 
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(54) APPARATUS FOR LASER TREATMENT OF BIOLOGICAL TISSUES (ALTERNATIVE EMBODIMENTS) 



(57) Abstract: 

FIELD: medical engineering: surgery; 
orthopedics; stomatology. SUBSTANCE: 
proposed apparatus comprises at least one 
receiver of information about condition of 
biotissue to be automatically controlled. 
Receiver output is connected with input of 
control unit. Apparatus further comprises 
electronic switches arranged in current 
supply circuits of lasers and controlled by 
output signals issued by control unit. 
Finally, apparatus comprises two or three 
lasers emitting radiations at different 
wavelengths and having independent outputs. 
EFFECT: improved design. 7 cl, 5 dwg 
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H3o6peTeHne othocmtc* k MeflWLjMHCKoii 

T9XHMK6 11 M0JK8T 6blTb MCnOJlb30BaHO B 

XMpyprMM, opToneAMM h croMaTonorMM Ann 
06pa60TKM MsrKHX m TBep/ibix 6MonorMMecKMX 

TK9H£ft. 

M3BeCTTHO yCTpOMCTBO flHfl o6pa6oTKM TKaHefi 

3y6a na3epHbiM ManyneHMeM (naTeHT WO 
90/01907, A 61 C 5/00, flaTa ny6nnKaL^nn 
08.03.90), coAepxcamee noc/ieflOBaTeribHO 
pacnonoweHHbie BAonb onTHMecKoft ocm 
MMnynbCHbiw na3ep m cpeflCTBO aoctsbkm 
wafiyMeHMH k syoy, BKniwaiomee OTpeaotc 
onTMMecKoro BonoKHa, bxoa KOToporo otithmsckm 
conpflweH c buxoaom na3epa, m HaxoHeMHMK, 
bxoa KOToporo omnMecKM conpyiHceH c bwxoaom 
onTMMecKoro BonoKHa, a BbixoA flBnaeTca 
BbixoAOM ycTpo^cTBa. ripMneM b xaMecTBe 
nasepa MoaceT 6biTb ncnonb30BaH ksk 
HeoAMMOBwPt, tsk m roribMueMbift mu apGneabiw 
/ia3epu. 

OCHOBHbIM HeAOCTaTKOM AaHHOTO 

yCTpOMCTBa HBJlfleTCfl H6BO3M0>KH0CTb OWCTDOM 

aawieHbi oAHoro nasepa Ha Apyrofi b 
3aBMCMMOCTw ot Tuna o6pa6aTbieaeMOM tiohm, a 
Taiwe BbicoKafl onacHocTb HaHeceHM* jiasepHOfi 

TpaBMbl. 

M3BecTHO Taiwce na3epHoe ycrpoMCTBo Ana 
JieneHMfl 3y6bB, KOTopoe flBnaerca Han6onee 

6J1H3KMM no TeXHMMeCKOfl CyiAHOCTM m npuHmo 

sa nporoTwn (naTeHT WO 90/12546, A 62 5/00 
AaTa nyoiiMKauHM 01.11,90). 

3to yCTDOtfCTBO COASPMCHT DJIOK 

ynpaBJieHMfl, Asa MMnynbCHbix nasepa, 
onTMMecKne ocm KOTopbix napannenbHbi, 
pacnono)KeHHbie Ha onrwHecKotf ocm BTOporo 
na3epa, cJxjKycMpyiOL^yio cMCTeMy m oTpeaoK 
. onTMMecKoro BonoKHa c HaKOHeMHMKOM. Ha 
onTMMecKnx ocbx ooomx na3epoB pacnonoKeHbi 
hoa ymoM 45°C k ocam 3epKa/ia, onTunecKH 
conparceHHbie wexAy coooPi, 4»icycvipyiou4ea 
CMCTeMofl m onTMMecKMM BOJioKHOM. 3epKano, 
pacnonoxeHHoe Ha ocm nepBoro na3epa, 
orpaxaTenbHoe, a Ha ocm BToporo na3epa 
AMxponMHoe, T.e. ceneKTMBHO OTpawaTenbHoe 
Ana AnMHbi BO/iHbi M3JiyMeHMfl nepBoro na3epa m 
npospaHHoe AAH AnMHbi BonHU ManyneHMn 
BToporo. 

OCHOBHbIM HeAOCTaTKOM npoTOTMna 
flanaercH HeAOCTaTOHHan aqbqbeKTMBHocTb ero 
npuMSHeHMfl npw nepexoAe ot pewMMa OAHoro 
TMna oGpaooTKM k Apynowy u onacHocrb 
HaHeceHMB TpaBMbi, CB«3aHHa« c OTcy TCTBne m 
CMCTeMbi onpeAeneHMn BMAa oopa6aTbiBaeMO& 

TKaHM. 

3aA3Ma, Ha peweHMe KOTopotf HanpaaneHO 
3ajiBnfleMoe M3o6peTeHMe, 3aKnioqaeTCfl b 
cosAaHMM ycTpoficTBa Ann na3epHoft 06pa60TKM 
6uonorwHecKOM TKaHM, BbinoxiHaiomero Bee 
BMAbi na3epHbix onepau,MM b xwpyprMM, 
ppToneAMM m cTOMaTQfiorMM, c ooecneMeHMeM 
npM 3tom BO3M0JKHOCTM 6bicTporo nepexofla ot 
oahoto TMna oopaboTKM k Apyroiwy m 

MMHMManbHOM HHBa3MBHOCTM. 

Yica3aHHaR 3aAana petuaeTcn npM 
ocy mecTBne hm m M3o6peTeHMfl sa cmot 
AOCTMJKeHMJi TexHMMecKoro pe3ynbTaTa, 
3aKHK)Ha»oiAerocfl b onT hmm33 14M m pe)KHM0B 
o6pa6orKM m napaMeTpoB na3epnoro ManyMeHMfl 
b 3a buch m oct m ot TMna o6pa6oTKM m BMAa 
6nonomMecKOM TKaHii. 

yKasaHHbifl TexHMMecKMM" pe3ynbTaT npM 
ocymecTBneHMM M3o6peTeHki« AocTwraeTCfl Teiu, 
mto b ycTDoi^CTBo pjMi na3epHofi OSpaOOTKM 
6nonorMHecKOi3 TKaHM, coAepxoiAee 6noK 
ynpaBneHMw, BbixoAbi KOToporo coeAMHeHu c 
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GnoKOM nwraHMB na3epo8, MMny/ibCHbie nasepw, 
onTMHecKwe ocm kotopwx napa/uiejibHbi, 
onTMHBCKM conpwKeHHbie OTpaxaTenbHbie m 
ceneKTMBHO OTpawoTenbHoe aha AnMHbi Bonnu 
nepBoro na3epa m npospanHoe Ann atimhw 
BonHbi BToporo nasepa sepKana, KOTopwe 
pacnonoxeHbi Ha oc«x nepBoro m BToporo 
nasepoB cooTBeTCT bsh h o , ycraHOBneHHbie Ha 
onTMMecKow ocm BToporo na3epa 
cJx3KycMpyfou\yKD cvicreMy mm onTMMecKoe 

BOJIOKHO C HaKOHeMHMKOIW. BblXOA KOTODOrO 

ABJineTCf? onTMnecKMM buxoaom ycTpoiicTBa, 
BeeAeH xoTn 6bi oamh npweMHMK MH0>opMat4MM o 
cocTOflHMM 6noJiorviMecK0M TKaHM, bxoa KOToporo 

COnpfl>KeH C MGCTOM B03AeflCTBMa Ha TKaHb, a 

bwxoa coeAMHeH c bxoaom 6noica ynpaaneHM5i ! 

BblXOAb! XOTOporO COeAMHeHbl C BXQAaMM 

sneKTpOHHbJx KJiioMeM, ycTaHOBJieHHtJx b i^enax 
coeAMHeHMfl Ka>«Aoro naaepa c 6noraM nwTaHMfl. 
OTpa>KaTenbHoe sepKano ycTaHoaneHo c 
B03Mo>KHOCTbio Bbisofla ero M3 xoAa MsnyneHMH, 
a Ha onTMHecKOM ocm nepeoro xiaaepa 
nocneAoeaTenbHo no xoAy MsnyneHMfl 
pacnonoKeHa ctXDKycMpyjoiAafl cMCTeiwa m 

OflTHHeCKQe BOJIOKHO C HaKOHeMHMKOM, BblXOA 

KOToporo ABnweTCfl ppyrwui onTMMecKMM 
BblXOAOM ycTpoMCTBa. 

Bonee ^t^eKTMBHO yKa3aHHb>ii TexHunecKnw 
pe3ynbTaT AocTuraeTCfl TeM, hto b ycrpoMCTBO 
Ann nasepnoa o6paooTKM 6MonorMHecKoPi TKaHM, 
coAep>Kamee ^ok ynpaaneHMfl, BbixoAW 
KOToporo coeAMHeHbi c 6noKOM nMTaHMJi 
nasepoB, MMnynbCHbie na3epbi, onTMHeaaie ocm 
KOTopbix napaxuienbHbi, onTMnecKM 
conpfl>KeHHbie oTpaxaTenbHoe m ceneKTMBHO 
OTpaxoTenbHoe Anfl AnMHbi Bonnbi nepBoro 
na3epa m npospaHHoe Ana AnMHbi BonHbi 
BToporo na3epa sepiona, Korapbie 
pacnonoMeHbi Ha ocnx nepsoro n BToporo 
na3epoB oooTBeTCTBOHHO, ycTaHoaneHHbie Ha 
onTMHecxoM ocm BToporo nasepa 
cfwKycMpyiomyK) cucreMy m onrMHecKoe bojiokho 

C HaKOHeHHMKOM, BblXOA KOTODOrO flBnfleTCfl 
OnTMHeCKMM BblXOAOM yCTpOMCTBa, BBeAeH 

TpeTMM MMnynbCHbiiS na3ep, onTMMecKan ocb 
KOToporo napannenbHa onTMnecKMM ocam AByx 
ApyrMX nasepOB, a Ha ero ocm ycTaHoaneHo 
OTpaKarenbHoe 3epicano : npMneM 

OTpaware/ibHbie 3epKana ycTanoBneHbi c 
B03MO>KHOCTbio BbisoAa mx M3 xoAa MsnyneHMfl. 
Ha onTMHecKOM ocm BToporo na3epa aa 
ceneKTMBHbiM 3epKanoM ycTaHoaneHo BTOpoe 
ceneKTMBHO OTpaxaTenbHoe Ann AnMHbi BonHbi 
TpeTbero nasepa m npo3pa^Hoe Anfl AnMHbi 
BO/iHbi nepBoro m BToporo na3epoB 3epKano, 
onTMHecKM conpjwceHHoe c oTpawaTenbHbiM 
sepKanoM. ycTaHOBneHHbiM Ha ocm TpeTbero 
na3epa, o^oKycMpyioi^eM cMCTeMort m bxoaom 
onTMHecKoro BonoKHa, pacnonoKeHHbix Ha ocm 
BToporo nasepa. KpOMe Toro, Ha KajKAofi M3 
oceCI nepBoro m TpeTbero nasepOB 
nocneAoeaTenbHo no xoAy M3nyMeHMH 
pacnonoxeHbi QjjOKycupyioi^aj? CMCTeMa m 

OnTMHeCKOe BOriOKHO M HaKOHeMHMKOM, BblXOAW 
KOTOpblX flSnflfOTCfl OnTM^eCKMMM BXOABMM 

ycTpoMCTBa. ycTpOMCTBO TaioKe CHa6xeHO xotb 

Obi OAHMM npMOMHMKOM MHO^OpMai^MM O 

cocroflHMM 6nonorM4ecKOM TKaHM, bxoa KOToporo 
conpflweH c mcctom B03AefiCTBMfl Ha TicaHb, a 
BbixoA coeAMHen c bxoaom 6noica ynpaBneHMfl : 

BblXOAbl KOTOporO COeAHHeHbl C BXOAaMM 

sneKTpoHHbix KnicweM, ycTaHOBneHHbix b qenflx 
coeAMHeHMn Ka)KAoro Jia3epa c 6noKOM nuTaHMn. 

HpMeMHMK MHq^OpMai^MM O COCTOBHMM 

6nonorMMecKOM rxaHki MO*er 6wTb BbinonHeH b 
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bhas cneiapoaHanM3aTopa b o6nacTM 200-1500 

HM. BXOfl KOTOpOrO OnTMHOCKM C0npJ0K9H C 
M8CT0M B03AeiHCT8Mfl Ha TKaHb M COCTOflmerO M3 

flucnepcuoHHoro sneMeHTa, nnHe«KM 
<t)OTOfleretcropoB m 3neMeHTa cpaBHeHwr 

HIpUGMHUK MHCjXOpMaLJMM O COCTOflHMM 

6nonorMHecKOM tk3hm raioKe MOJKeT 6birb 
Bbino/iHeH b BMAe <£oT03neKTpMMecKoro 
npneMHi^Ka MH(£paKpacHoro M3/iyHeHM*, bxoa 

KOTOporO OHTHMeCKH COnpflXeH C MeCTOM 

B03fleJteTBHfl Ha TKaHb nocpeflCTBOM 
noBopoTHoro 3epKana, pacnonoaceHHoro Ha 
onTMMecKoM ocm na3epa Me>KAy buxoahum 
3epKa/ioM naaepa m cfroKycupyjotneti cuoreMO^ 
nepe3 cpwnbTp c nonocofi nponycioHMfl, 
MCKTOOHafomeR nonaflaHne Ha npneMHUK 
M3nyneHM« na3epa. 

npMeMHUK MHCjX)pMai4MH O COCTOflHMM 

6nonorvNecKofi tk3hm MoweT 5biTb euje 
Bbino/iHeH b BMAe axycTMHecKoro npweMHUKa, 
ycTaHoaneHHoro TaKMM oopa30M, hto 
HanpaB/ieHMe ero MaKC/iwianbHovi 

HyBCTBMTenbHocTn cocTaBrifleT c HanpaBneHneM 
onTMMecKO^ ocm na sxofle HaxoHeMHMKa yron <x, 
yAOBJieTBopaiot^MM ycnoBMK): 1 1°<a<86°. 

3jieKTpOHHblM KflHDH M0)K9T 6blTb BbinonHGH B 

BMAe nonynpoBOAHMKOBoro mjim 

sneicrpoBaKyyMHoro nepeKnioMare/ifl. 

flonofiHurenbHO ycTpoflCTBo CHa6aceHO 
cucreMOM opoiueHun soHbi o6pa6oTKM, 
cocToainefl m pe3epayapa Ana boaw c 
BOAHHbiM HacocoM m B03AywHoro Kownpeccopa, 

COOTBGTCTBy K) UJM e BblXOAbl KOTOpblX 

06-beAMHeHbl B HaKOHGMHMKaX \A HBnflK)TCfl 

MppMrai^MOHHbiMM BbixoflaMM ycTpoiteTBa, a 
B03AyuJHbi« KOMnpeccop b MecTe coeAMHeHMn c 
B03AyxonpOBOAawM cHa6)KeH 
aneicrpoMarHHTHbiMM KnanaHaMM, 
noAKnioHeHHbiMH k BbixoAaM 6noKa ynpaaneHMa. 

MSBeCTHO, MTO 3Cj)C|DeKTMBHOCTb na3epHOM 

o6pa6oTKM 6nojiornHecKOM tkbhh c 
OAHOBpeMeHHbiM oOecneneHneM HM3Kofl 
MHBa3MBHOCTM (cTeneHM HeKposa) SaBMCMT OT 
ATlUHbl BOJIHbJ M MOU^HOCTM na3epHoro 

MsnyHeHUfl. oHeprnn m BpeMeHM na3epHoro 
B03AeRcTBMfl, a ana HexoTopbix bmaob tkbhm 
>KMAKOCTHoro opoiueHUfl 30Hbi na3epHofi 
o6pa5bTKM (cm. HanpuMep Proceeding of. 
Laser-Tissue Interaction V 24-27 January 
1994, Los Angeles, California Vol 2134A). 

HccjieAOBaHMH, npoBeAeHHue aBTopoM, 
noKa3anM, mto npn otom HeooxoAMMa 
OAHOBpeivieHHa^ onTMMH3ai_inq yicasaHHbix 
napaMeTpoB aha Kaworo sufla 6noTKaHM. 

HHUMM CJTOBaMM, HeOOXOAMMbi: BO3M0)KH0CTb 

Bbi6opa onTMManbHbix ahhh bohh M3nyMeHMfi 
jia3epoe uriM mx CMecu, pervicTpau,Mfl npou,ecca 
naaepHofl AecTpyici^MM, BUfla m coctoahuh 
6noTKaHM m ynpaBneHun AnwHOM BonHbi : 
MomHocTbKD, 3HepmeM 14 BpeiweHeM Jia3epHoro 
AewcTBMfl, CHCTeiwa opoujeHMJi 30hw na3epHoii 
o6paooTKM. 

COBOKyriHOCTb BB6A©HHblX B yCTpotfCTBO 

xotu 6w OAHoro npneMHMKa MHc$>opMau,uw o 
cocTOflHMM oSpaoaTbiBaeMOM 6nonorviHecKOM 

TK3HM, BbJXOA KOTODOrO COeAHHeH C BXOAOM 

6noKa ynpaB/ieHUfl. m 3/ieiCTpoHHbix KnKwetf, 
ycTaHoaneHHbix b u,enax nnTaHn« jia3epoB m 
ynpaB/iaeMbix BbixoAHbiMM cwrHajiaMii GnoKa 
ynpaBneHMW, npeACTaBjiwioT co6om cucieiviy 
oopaTHotf CBflaw, KOTopan o6ecneHMBaeT 
aBTOMaTunecioie KOHTponb h onTHManbHoe 
ynpaBneHne napawieTpaMM usnyMenkifl -nasepos 

B 3aBHCHMOCTM OT BHfla M COCTOflHUfl 

o6paoarbiBaeMO« tkbhm m TeM ca^4blM 
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oBecneMMBaeT MMHHwanbHyio MHBa3MBHOcTb. 

Heo6XOAHMCCTb aBT0MaTWH9CKMX KOHTDOJlfl 

m ynpaBJiBHMR BbisBaHa nacro B03HHKaiou4e^ 
HeBO3M0)KH0CTbi0 BM3yanbHoro onpeAoneHMfl 
BpanoM cocTOAHUfl oojiyMaeMofi TKaHM m ee 
BMAa. 

HanviHwe AByx He3aBncviMbix BbocoAOM b 
oahom ycTpo^CTBe 6naroAapa bo3M0)khoctm 
BbiBOAa OTpaxaTenbHoro 3epKaiia M3 xofla 
M3nyMeHktB nepBoro fla3epa : a Taioxe 

BO3M0>KH0CTb CMGUJUBaHMH M3TiyMeHHK AByx 

iiasepoB noabiujaeT 3cJx})eKTHBHocTb paooTbi 
npH o6pa6oTKe 6motiqhk m oSecneMMBaeT 
CHM«eHne HeKpo3a. 

HanMMwe b oahom ycTpoftCTBe wv\ 
o6pa6oTKii 6nonarnHecKofl tk3hh Tpex nasepoB 
c paannMHWMM AnwHaMH sonH M3nyMeHnfi m 

He3aBMCHMblMM BblXOAaMU kl C B03MO)KHOCTbK) 

CMeujuBaHfia n3nyneHMft ooecneHiiBaeT 
Han6b/ibUjyK) MoGwibHocTb npmweHeHHH 
ycTpo^cTsa n MaKCMManbHO paciiinp«eT ero 

B03 M OJKHOCT H . HanpHMOp, npM OAHOBpeMeHHOM 
B03AePtCTBMM PO/lbMHeBblM M HeOAMMOBblM 

jiasepaMM Ha o6wnbHO KpoBOHacbiu^aroi^He 
opraHbi cHuwaeTCfl onacHOCTb KpoBOTeHeHMH 
npw HecaHKi^MOHnpoBaHHott nepqbopai^nii 
Kpynnwx icpoBeHocHbix cocyAOB. flna 
cMeujMBaHna M3JiyHeHMfl TpeTbero na3epa c 
AByMH ApyrnMM WW Ka^AblM M3 HMX BBeAeHbl 

oTpa>KaTenbHoe m ceneKTMBHoe 3epKana, 

yCTaHOBJieHHbie COOTBeTCTBSHHO K OCflM 

TpeTbero m BToporo nasepoB. a B03MO)KHocTb 
BbiBOAa OTpa>KaTejibHbix sepnan H3 xofla 
M3nyneHHfl m HanMHwe APnonHMTenbHbix 
qboKycMpyioLAMX cucTeM m onTHMecKVtx bohokoh 
o6ecneMMBaeT He3aBncnMOCTb Tpex onTHMecxnx 

BblXOAOB yCTDOftCTB. 

flononHHTenbHO BBeAeHHan b ycTpoftoTBa 
cucTeiwa opotueHMfl, ynpaanneMaa 
oneKTpoHHUMM KnanaHaMM, noAKnioHeHH u mm k 
BbixoAaM 6noKa ynpaaneHna, o6ecneHMBaeT 
oriTHManbHoe coneTaHMe pe^MMOB oGnyneHMfl m 

OpOLUeHUfl TK3HH. 

CoBOKynHocTb M3/K»KeH h boc a c^pMy/ie 
M3o6peTeHMfl npMSHaxoB HBnaeTCfl hobom, a 
caMo rexHMHecKoe peuieHvie yAoaneTBOpaeT 
KpmepMK) "n3o6peTaTenbCKMM ypoeeHb". 

Ha cfwr.l M3o6paoKeHa cxewa ycTpo^CTBa 
Ann nasepHoft o6pa6bTKM 6motk3hm; Ha 4>Mr. 2 
cxeMa ycTpoficTBa npn HanwHMM Tpex nasepOB; 
Ha QbMr. 3 cxeMa BapnaHTOB BbinonHeHMfl m 
pacnonoKeHMfl npweMHMKOB MHcfopMai^MM o 
cocroRHMM o6pa5aTbiBaeMOM 6noTKaHn; Ha 
qbnr.4 cucreMa opoiueHMfl 30Hbi o6paobTicvi; Ha 
<j)Mr.5 6noK-cxeMa 6noKa ynpaBneHMa. 

YcTpoMCTBo Ana na3epHofl o6pa6oTKM 
6MonorviMecKOM TKaHM (qbwr.l) coctomt M3 6noica 
ynpaBfieHMfl 1, coeAMHeHHoro c hmm 6noKa 
nmaHHR 2, MMny/ibCHbix nasepOB 3, 4, 
coeAMHeHHbix c 6noKOM nmaHMa Hepe3 
aneKTDOHHbie khiomm 5. 6, KOTopwe noAKnioMeHbi 
k BbixoAaM 6noxa ynpaaneHM« 1 . Ha onTMMecxMX 
coax na3epoB 3, 4 pacnono>iceHbi 
cooTBeTCTBeHHO OTpa^oTenbHoe 3epicano 7 w 
ceneKTMBHoe sepKano 8, KOTOpwe onTimecKM 
conp5wceHbi Me^qy co6om m c cJ)OKycMpyK>u;eM 
cucTeMofl 9 m BUXOAHbiM TOpi^OM onTMH ecKoro 

BOnOKHa 10 C HaKOHeHHMKOM 11, 

pacnonoKeHHux Ha onTMMecKo^ ocm na3epa 4. 
CeneKTMBHoe 3epicano 8 OTpawaTenbHO An« 
M3ny^eHMfl c AnMHoti bojihu nasepa 3, ho 
npo3paHHO Ann wsnyMeHMH c AnwHOft bohhw 
na3epa 4. Pacnono>KeHHoe na onTMnecxofi ocm 
na3epa 3 OTpa>icaTenbHoe sepxano 7 
nc-AxnioHeHO k Bwxofly 6noKa ynpaaneHMfl 1 m b 



o 



in 
o 

CO 

cn 
o 



70 



ro 
o 

<D 
<7> 
O 



o 



noxiojKeHMM A ycTaHasnHBaeTca noA yrnoM 
45 0 k ocm, a b noJioweHHH B napannenbHO ew. 
Ha stom *e ocm acneA aa 3eptcanoM 
nocneflOBaTerbHo no xofly M3nyMeHwn 
pacnonoaceHbi 430Kycnpyw>i^aa cMCTeivia 12 m 

OriTMMeCKOe BOnOKHO 13 C HaKOHenHMKOM 14. K 

Bxofly onoica ynpaaneHMH 1 noflioiioHeH 
sneiapuMeciaiM BbixoA npMeMHMKa MH$opManMM 

O COCTOflHHH 6MOJ10ri1MeCKO^ TK3HM 15, BXOfl 

KOTOporo oonpfl)KeH c MecioM BoaAeCtaTBWfl Ha 
6noTK3Hb 16. CucTeMa uppurauMM 17 
noAKnioMeHa k reu xce bwxoabm 6noxa 
ynpaBJieHMw 1, hto m 6noK nmaHMfl 2, a ee 

BOAR H Oft W B03AyiUHbiR BblXOAW 18 M 19 

o6-beAMHeHbi b h skoh ©h h hk@ 11 (14). 

Ha <J)wr. 2 npeflcraBneH sapnawr ycrpoMCTBa 
CTpewm naaepawii 3, 4, 20. Ha onruMecKOfl ocm 
na3epa 20 ycTaHoaneHo oTpawaTenbHoe 
aepKano 21, Koropoe tbk «e, ksk m 
OTpa>KaTenbHoe 3epicano 7, noAK/iiOHeHo k 6noKy 
ynpaBJieHM* 1, m b nonoxeHMM A 
ycTaHaBJiMBaeTCR noA yrnoM 135 ° k 
onTMMecKOM ocw, a b noncoKeHMM B - 
napannenbHO en. Ha otom >Ke onTHMecKow ocm 
pacnonoJKeHbi 4)OKycMpyK)ii4afl CMCTeMa 22 m 
bxoahom" Topeij onTMMecKoro BonoKHa 23 M 
HaKOHeMHMKDM 24. Me>KAy c}x)KycMpyiome« 
CMCTeMOM 9 m ceneKTMBHbiM aepicanoM 8 
ycTaHOBXieHO BTopoe ceneKTMBHoe aepKano 25, 
KOTopoe onrwHecKM conpflxeno c 3epKanoM 21, 
cpOKycytpyioiAeft CMcreMofl 9 m BXOAHbiM topljom 
oriTMHecKoro BonoKHa 10. Cojioktmbho© 3epKano 
25 OTpaxaTenbHO Ana M3JiyHeHMfl c AnMHO& 
BOJiHbi na36pa 20, He npcopanHO a™ M3nyM©HMM 
c AnnHaMM Bonn naaepoB 3, 4. BnoK rtMTaHMJi 2 
coeflMHeH c na3epowi 20 Mepe3 aneKTpoHHbifi 
KnKJM 26. 

Pa3HOBMAHOCTflMM npneMHMIO MHCjXJpMai^MM 
15 O COCTOHHWM OMOTKaHM 16 MOfyT 6blTb K9K 

cneKTpoaHanM3aTOp 27 (cpMr.3), bxoa KOToporo 

OnTMHeCKM COnpjWCeH C MBCTOM B03A©MCTBMn Ha 

6>iOTKaHb 15 m cocTOfluiMM* M3 AHcnepcMOHHoro 
oneMeHra 28, rmHeiiKM <J)OTOAeTeKTopoB 29 m 
aneMeHta cpaBHeHMfl 30. TaK m 
cjx)T03neKTpnHecKMM npMeMHMK MH(fipaKpacHoro 
ManyneHMW 31, onTMMecKM conpfUKeHHbii* c 

M6CT0M B03AettCTBMfl Ha 6MOTK3Hb nOCDeflCTBOM 

onTMHecKoro BonoKHa 13 (10, 23), 
(Jx3KycMpyiomeM cucreMbi 12 (9, 22) m 
noBOpOTHoro aepKana 32, pacnonoweHHoro 
M6)KAy 0OKycMpyiome« CMCTeMOfi 12 (9, 22) m 
3epKanoM 8 mhm He n ocpe ACTBe h ho nepeA 
BbixoAHbiM aepKanoM na3epa 3 (20). nepeA 

OnTMMeCKMM BXOAOM <})OT03neKTpWHeCKOrO 

npMewiHMKa 31 ycTaHosneH MHcf)paKpacHbiM* 
cJ)MJibTp 33, nonoca nponycKaHHJi KOToporo 
wcjonoMaer nonaAaHMe Ha (JxyroaneKTpMMecKMM' 
npMBMHMK 31 M3nyMeHM« na3epa. B KaMecTB© 

npMeMHMKa MHCjX>pMaUMM 15 O COCTOhHMM 

6nonorvNecKOfl tkbhm 1 6 MewceT Gbrrb m 
. aKycTMnecKMM npweMHMK 34, pacnonoweHHbiM 

BOT1M3M WieCTa B03AeflCTBMH Ha TKBHb TQK, HTO 

HanpaBneHMe era MaKCMManbHOM 

MyBCTBMTenbHOCTM cocTaBnaeT c OnTMMeCKOft 
ocbio ManyneHMfl Ha BbixoAe HaKOHenHMKa 11 
(14, 24) yron a, newaiUMtf b npeAenax ot 11 ao 
86° 

B CBA3M C TeM, MTO MMCJIO npMeMHMKOB 
MHCj)OpMai4UIM O COCTORHMM 6MOTK3HM MO)KeT 

KoneoaTbCH or OAHoro ao AeBHTM (no KawflOMy 
BMAy, OKono Ka>KAoro HaKOHeHHwica), KonM^ecTBO 
bxoaob onoKa ynpaaneHMn MO>KeT 6wTb paBHO 

AeBHTM. 

CMCTeMa OpOUJeHKH 30HW 06paOOTKM 17, 

M3o6pa xeH Han Ha (pur A. coctomt M3 
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pe3epByapa Ann boaw c BOflSHbtM HacocoM 35, k 
kotopomy npMCoeAMHeHa BOAonpoBOAHafl 
Tpy6Ka 18, m BoaAyuiHoro KOMnpeccopa 36. 
npMcoeAMHeHHwe k BoaAyujHOMy KOMnpeccopy 
36 B03AyxonpoBOAfliAMe TpyOKM 19 CHa6KeHbi 
sneKTpoMarHMTHbiMM KnanaHaMM 37, 38. 39. 
KOTopwe noAKmoneHbi k TeM «e BbixoAaM 6noKa 
ynpaBneHMfl 1, hto m 6jiok nwTaHMH 2,qepe3 
jiwhuh 3aAep>«H 40, 41 , 42. 

YcTpoMCTBO paobTaeT cneAyioinMM o6pa30M. 
HanyneHMH na3epoB 3, 4, 20. b cnyMae 
Haxo^APHMfl OTpawaTenbHbtx aepKan 7 m 21 b 
nonoxceHMM B, npoMAfl 0oKycMpyioiAMe CMcreMbi 
9, 12, 22, onTMMecKMe BonoKHa 10, 13, 23 m 
HaKOHe^HMKM 11, 14. 24 nocTynaiOT Ha 

OnTMHeCKMe BblXOAbl yCTDOMCTBa. 

Ecjim oTpa)KaTenbHbie 3epKana 7 m 21 
HaxoAHTCfl b nonojKeHMM A, ManyMeHne na3epa 
3, OTpasMBUJMCb ot 3epKana 7, nonaAaeT Ha 
ceneKTMBHoe 3epKano 8 m, oTpaaMBtuncb ot 
Hero, HanpaanneTCfl BAonb onTMMecKofl ocm 
na3epa 4. AHanomMHO, npM HajiMHMM na3epa 20, 
M3nyMeHMe na3epa 20 OTpa3MBiuMCb ot 3epKana 
21, a 3aTew ot ceneKTMBHoro 3epKana 25, 
TaioKe HanpaenfleTCfl BAonb onTMnecKoft ocm 
naaepa 4. B peaynbTaTe, b cba3m co cbomctbom 
ceneKTMBHbix aepKan 8 m 25, b 4»KycMpyioinyK> 

CMCTeMy 9 M Ha OnTMMeCKMlS BbJXOA HaKOHeMHMKa 

11 MoryT nocTynaTb M3nyMeHMH Bcex Tpex 
na3epoB oahob pgmgh ho . 

BblOOp BMASt npMBMHMKa MH0>0pMai4MM 15 O 
COCTOHHMM GMOTKaHM 16 33BMCMT OT BMA3 TK3HM 

m pe>KMMa o6pa5oTKM r a TaiOKe ot bmas 

HaKOHeMHMKa. riDM pa60Te C HeKOHTaKTHbIMM 

HaKOHeMHMKaMM ocHOBHaa nacTb M3nyHeHMA 
3po3MOHHoro cJ^Kena, B03HMKaK3l^erO M3-3a 
CBeMeHMn yAanaeMbix MacTMi^ 6woTKaHM : ne>KMT 
b bmammom" m 6nM)KHMX ynbTpacf)MoneTOBofl m 
MHCfcpaxpacHOM" o6nacTflx cneiapa (200-1500) 

HM) M HBnfieTCfl npMHMHO^ H8BO3M0KH0CTM 

BM3yanbHoro Ha6n»QAeHMH BMAa m coctoahma 

6MOTKaHM. 

CneKTpanbHbifl cocTaB ManyneHMR 
aposMOHHoro cf)aKena 3aawcMT ot BMAa 
6MOTK3HM, noaTOMy HeooxoAMM cneKTpanbHbiM 
aHanM3 3Toro M3nyMeHM^, KOTopoe nonaAaeT Ha 
AMcnepcMOHHbift sneMeHT 28 

cneKTpoaHanM3aTopa 27, paanaraeTCfl b cneicrp 
m nonaAaeT Ha nMHefiKy cftoTOAe TeicropoB 29, 
coeAMHeHHyK) c sneMeHTOM cpaBHeHMfl 30. 
YpoBeHb BbixoAHoro aneKTpMnecKoro CMmana 
sneMeHTa cpaBHeHMfl 30 cooTBeTCTByeT 
KOHKpeTHort KOM6MHaqMM A^iMH BOHH cneiapa 
ManyneHMfl 3po3MOHHoro cf>aKena. 
OneKTpMMecKMM cm man ot aneMeHTa cpaBHeHM« 
30 cneKTpoaHajiM3aTopa 27 nocrynaeT Ha 6jiok 
ynpaaneHMfl 1, rAe Bbipa6aTbiBaeTCfl cuman 
M3MeneHMfl peMCMMa m napaMeTpos ManyneHMfl 
na3epoB. 

Pa6oTa c KOHTa kth umm HaKOHenHMKaMM 
CBfl33Ha c HarpeBaHMeM naaepHbiM M3nyMeHMeM 
TOpua paooMero MHCTpyMeHTa (bohokho mtim 
cancfwpoBbift HaicoHeMHMK) ao TeMnepaTypw, 
AocTaTOMHoft Ann pa3pyiueHMfl GMOTicaHM. 
Harpee MecTa BoaAeMCTBMfl conpoBo>KAaeTcn 

BO3HMKH0BeHMeM MH$paKpaCHOrO M3XiyMeHMfl, 

KOTopoe nepeAaeTcfl no BonoKHy HaKOHeMHMKa 
11 (14, 24) m onTMMecKOwy BonoKHy 10 (13, 
23) b HanpaBneHMM, oOpaTHOM xoAy Jia3epHoro 
M3nyneHMfl, oTpa)KaeTcn ot nosopoTHoro 
aepKana 32, npoxoAWT MHc|)paKpacHbi^ ctiMnbTp 
33 m nonaAaeT Ha c^oTosneicrpMMecicMM 
npMeMHMK 31. 3neicrpM h ecKM P\ cMman c BbixoAa 
0OTO3neKTpMMecKoro npMeMHMKa 31 nocTynaeT 
b 6noK ynpasneHMH 1, rAe b 33bmcmmoctm or 
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napaMerpOB orovo CMmana BbipaoaTbiBaeTca 
CMman ocTaHOBKM, npc-AonweHMfl mv\ 
M3MeHeHnn peacwMa paOoTbi na3epa. 

OKcnepuMeHTanbHO ycraHOBneHO, mto 
TennoBoe M3nyMeHMe. B03HMKatomee npw pa6oTe 

C KOHtaKTHblMM HaKOHSMHUIOMM, HaXOflMTCfl B 

rny6oKoK MwfrpaKpacHoti o6/iacrn. B 3tom 

OOJiaCTM MyBCTBMTenbHOCTb 4>OT03rieKTpMMeCKI/!X 

npweMHHK08 oneHb Mana. CneKTpa/ibHa« 
o6jiacn> nanyMeHUfl naaepOB raiace ne>KMT b 
MH(})paKpacHOM oonacTM. HoaTOMy no/ioca 
nponycKaHMfl MHCppaKpacHoro cJwnbTpa 33 
comacoBaHa oo cneKTpanbHOM 

My bctb menbHocTbio cJjoTonpnGMHUKa 31, c 
okhom np03paHH0cm onTMMecKoro Bonorona 13 m 
ooecneMweaeT MCxntoMeHMe nonanaHMH Ha 
cjnoTonpneMHUK 31 M3fiyvieHMH na3epoB 3, 4, 20. 

npoAyicrbi na3epHoro pa3pyujeHHfl 6noTicaHH 
pa3JieraK)TC$i co ceepx3ByKOBofi cxopocrbio, m b 
cneflCTBue pe3Koro w3MeneHHH AaBneHMfl M3-3a 
conporuBJieHMfl cpeflbi reHepwpyeTCH 
aKycTMHecxan BonHa. Ana pa3JiMHHbix TKaHefi 
aiwnnHTyAa aicycTMMecKOM bohhu pasjinsHa. 
AMn/iwyfla aicycTMMecKOfi bojihw 

perncTpupyeTCR aKycTMMecKMM npnewHUKOM 34, 
sneKTpumecKMM cuman c KOToporo nociynaeT Ha 
6noK ynpaaneHMfl 1 , rAe CMHTe3MpyeTca cMman 

BpeMeHHOM OCTaHOBKM M3nyMeHWfl 

M3MeHeHwn peacwMa paobTbi na3epa b 
3aBMCMWiocTM ot Tiina oopaoaTbisaioineM ncaHM 
win b cnynae npeawiueHun 3Heprnn nasepnoro 
MMnynbca Han noporoM paapyiueHHfl GnoTKaHM, 
mto BriMPeT Ha creneHb na3epHoro Heicpo3a. 

npeKpau^eHne b cnynae HeooxoAHMOCTM 
pe)KMMa wanyMeHwa na3epos b cooTBeTCTBMM c 
cm mana mm cnetrrpoaHann3aTopa 27, 
cjxjToaneKrpwMecKoro mjim aKycmMecKoro 
npneMHMKoa 31 m 34 npOkicxoflMT c noMombio 

5blCTp0fl8ftCTSy(0lHMX 3neKTpOHHb0C KHJOMGM 5, 6, 

26. Cm man c 6ncwa ynpasneHMfl 1 no/^OTcn Ha 
ynpaBJifltomMfl bxoa aneiapoHHoro KntoMa 5, (6 
26) pasMurcafl i\em> nMtaHWfl Ka>KAoro m 
na3epoB. npeKpaineHMe MMnynbca ManyMeHHH 
acJxfceicTMBHO, ecnM Bpewin cncnioMeHMH iwaHMH 
MeHbtue AnMTenbHOCTM MMnynbca M3nyMeHMH. 
(flnwTenbHOCTb MMnynbca MsnvMeHHH MoaceT 
Gbirb 150-500 mkc. ). flosTOMy b KaqecTBe 

3flBKTpOHHOTO KntOMa AOJ^eH MCnOJlb30BaTbC51 
SneMeHT C BblCOKMM ObtCTpOAe^CTBMeM. T3KMMM 

ynpa&nfleMbJMM KnioMaMM ABnaiOTCfl 
nonynpoBOAHMKOBwe mjim aneKTpoBaicyyMHwe 
nepeicnioMaTenM, Bpewifl cpaoaTbrnaHMH Koropbix 
He npeBbiiuaeT 100 mkc. 

OpOUjeHMe 6MOTK3HM C nOMOU^blO CMCTeMW 

17 npoMcxoflMT cneflyKDi^MM o6pa30M. l/fo 
pesepayapa Ana bqan c bca^hum HacocoM 35 
BOfla sano/iHaeT BOflpnpoBQA«iMMe TpyGKM 18. B 
cnynae h eooxo ah moctm opoujeHMH TicaHU 
CMmanbi M3 6noKa ynpaBneHMH 1 nociynaroT Ha 
oneKTpOMarHnrHbiM wianaH 37 (38, 39), kotopu^ 
OTKpbiBasT nocTynneHMe B03flyxa nofl 
AaBneHMeM ms B03AyujHoro Kownpeccopa 36 b 
B03flyxonpoBOA 19 Kohi^w boao- m 
B03AyxonpoBOAfliHWX Tpy6oK 18 m 19 
pacnonoxeHbi b naKDHeMHMKax 11 (14 : 24) Tax, 
mto nccTynneHMe boaw Ha MppMrauMOHHbie 
BbixoAbi ycrpoacTBa npoMcxoAMT npn noflaMe 
B03Ayxa no npuHuwny ny/ibBepM3aT0pa. 

Cumaiibi M3 OnoKa ynpaaneHkifl 1 nocTynaioT 
Ha aneiapoMarHMTHbie tcnanaHbi 37 (38, 39) 
Mepe3 hmhmm aaAepjKKM 40 (41. 42) 
OAHOBpeMenHO c CMmanaMM 3anycKa MMnyntacoB 
reHepai4MM na3epoB 3 (4, 20). 

OpoiueHMe 6woTKaHM boaom Aon>KHO 
npoMcxoAMrb b npoMe>KyTKax MejKfly 
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MMnynbcaMM M3nyMeHMfl na3epos (c i^enbio 
M3D6)Karb HeKanaTejibHoe pacce«Hne 

M3nyM6HMH M nOBblCMTb 3C|x|)9KTMBHOCTb 

opoiueHMj?), nosTOMy AnwreribHOCTb BpeMeHM 
saAep>KKM jimhum 3aAsp>KKM 40 (42, 42) paBHa 
BpeMeHHo AnMTenbHOCTM nMnynbcoB ManyMeHMfl 
na3epoB c y^eTOM BpeMeHU nocTynneHM« 
B03Ayxa k icoHL\aM Tpy6oK 19. 

hpMMep KOHKpeTHOM peanM3ai^MM 
3aRBn«eMbix ycTpoi^CTB coctomt b cneAEyioii^eM. 
BnoK ynpaBneHMH 1 (cjwr.5) coctomt M3 
ycM/iMTe/ip bxoahux CMmanoB c MHTsrpaTopo m 
(cm. MacneHHMKOB B.B. Cmdotmh A.n. 
"MsCMpaTenbHbie RC ycMTiMTenM" : M. 3HeprMfl, 
1980, CTp. 69) BOCbMMicaHanbHoro 
Aec^TMpaspflAHoro aHanoro-i^M(}>poBoro 
npeo6pa30BaTenfi (AL4n) c nocneAoaaTenbHbiM 
MHTepqbeMCOM max 192 cepwM (cm. KaTanor 
MAXIM 1993), npoL^eccopa PC-104 c 
KBapueBbiM reHepaTopoM (cm. KaTanor 
KoHCopi^MyMa Advantage real time devic 
AMPRO. 1993 CTp. 103-184) M 
BOCbMMicaHanbHoro TpMHaAuaTnpa3pflAHoro 
L^MC})poaHanoroBoro npeo6pa30BaTen« (UAri) c 
nocneAOBaTenbHUM MHTepq^ei^coM max 540 
cepMM (cm. KaTanor MAXIM 1993). BwxpAHbie 
CMmanbi L(An ABn^ioTCfl BbixoAaMM 6noKa 
ynpaBneHMfl 1 , no TpeM M3 KOTOpbix, KDOMe 
cumanoB 3anycKa MMnynbCOB reHepaHMM, 
nocTynaioT CMmanbi, onpeAenjuou^yio BennMHHy 
OHeprMM HaKonMrenbHbK KDHAeHcaropoB 6noKa 

nMTSHMfl 2 (CM. BonKOB H. B. "HCTOMHMKM 

nMTaHMfl na3epoB", TexHMKa, KweB, 1976, 
CTp. 11 8). 

B KanecTBe na3epOB Mcnonb3yK)TCfl na3epbi: 
Nd:YAG (AnnHa sonHbi 1,06 mkm MnM 1.32 mkm, 
Ho:YAG (Ann Ha BonHbi 2,09 mkm) m Er:YAG 
(AnMHa BonHbi 2,94 mkm). B KaMecTBe 
AMcnepcMOHHoro aneMeHTa 28 creKnflHHan 
npM3Ma, b KasecTBe cf)OTOAeTeKTOpOB 29 
KpeMHMeBbie nonynpoBOAHMKOBbie 0OTOAMOAbi 
<t>fl-256, a b KaMecTBe c^oTosneKTpMMecKoro 
npneMHMKa nHcfpaKpacHoro M3nyMeHMfl 31 
repMaHMeswM c})0toa^ioa <t>fl-9. 3neMeHT 
cpaBHeHMH 30 MMKpocxeMa K554CA3 MnM 

LM-1 1 1 . AKyCTHMeCKMM npMSMHMK 34 MMKDOqbOH 

BK4138. 

TaKMM o6pa30M, npeflnaraeMbie ycTpoKcrBa 
aa cMer coBOKynHocTM 3aflBnneMbix npMSHaKOB, 
o6ecneMMBafl onepaTnsHoe ynpaBneHkie c 

BO3M0)KHOCTblO BapbMpOBaHMfl B UJHDOKOM 

Anana30He napaMeTpaMU na3epHoro ranyMeHMfl, 
noasonfliOT npoBOAMTb XMpyprMMecKMe 
npoi^eAypw Ha 6motk3hrx b KaMecTBe nn6o 
CKanbnenfl, nn6b KoarynHTopa, nn6o 
AecTpyiaopa b 3aBMCi/iMocTM ot TpeoyeMbix 
tmbob, pexMMOB m coM6TaHM« paooTw na3epoB, 

OpMeHTMDOBaHHUX Ha MMHMManbHyiO 

TpaBMaTMHHOCTb npM AaHHOM BMAe B03AeMCTBMfl 

Ha AaHHyro 6noTKaHb. 

<t>opMyna M3o6peTeHMH: 

1. YcTpOMCTBO ahr na3epHoR o6pa6oTKM 
6MonorMMecKoW TicaHM, coAepxamee 6noK 
ynpasneHMfl : Bbixoflbi KOToporo coeflMHeHbi c 
ojiokom nwraHMfl nasepOB, MMnynbCHbie na3epbi, 
onTMMecKwe ocm KOTOpbix napannenbHbi, 
onTMMecKM conpaweHHue OTpa^aTenbHoe m 
ceneKTMBHO oTpa»caTenbHoe Ana atimhw aonHbi 
nepBoro na3epa m npoapaMHoe nn« ahuhh 
BonHbi BToporo na3epa 3epKana. Koropwe 
pacnono>KeHbi Ha onTi/iMecKMX ocwx nepaoro m 
BToporo na3epoa, cooTBeTCTBeHHO 
ycTaHOBneHHbie Ha onTwnecKOM ocm BToporo 
na3epa 4x)KycMpyK3inyto cucTeMy m onTMMecKoe 
BonoxHo c HaKOHeMHMKOM. BbixoA KOToporo 
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SBnfleTCfl onTMHeCKMM BbfXOAOM yCTpOMCTBa, 

ornnHaK)iMeecfl tom, mto b Hero bboaoh xota 6w 
oamh npneMHMK MHcfcopMaijMM o coctohhmm 
6nonorvmecKoCi TKaHM, bxoa KOToporo BbinoriHeH 
flrifl conpfl>KeHMn c MecroM B03AeficTBMn Ha 
TKaHb, a buxoa coeAMHeH c bxoaom 6noica 
ynpasneHM^, BbixoAbi KOToporo coeflUHeHbi c 
BXOAaMM 3JiexrpoHHbix xnioMefi, ycTaHOBneHHboc 
b tjertflx coeA^HeHUfl Ka>KAoro nasepa c ojiokom 
nuTaHHfl, KpoMe Toro, oTpewcaienbHoe 3epicano 
ycTaHOBJieHO c B03MO)KHocTbio BbiBOfla era M3 
xoAa M3nyMeHkifl, a Ha onTMHecKofi ocm nepBoro 
na3epa nocneAOBaTe/ibHO no xofly M3nyHeHMH 
pacnojioaceHa qtoKyaipytoinafl cMcreMa m 

OnTHMeCKOe BOnOKHO C HaKOHeHHMKOM, BblXOft 

KOToporo flBrmeTCfl ApyrviM onTMHecxMM 

BbJXOAOM yCTDOMCTBa. 

2. YcTpowcTBO Ann na3epHOM o6pa6oTKM 
6nonornMecKofi TKaHM, coAepwamee 6jiok 
ynpaB/ieHMfl, BbixoAbi KOToporo coeAMHeHW c 
ojiokom nwaHUfl na3epoB, MMnynbCHbienasepbi, 
onTMMecKMe ocm kotophx napajuie/ibHbi, 
onTMMecKM conpjwceHHbie OTpa)KaTenbHoe m 
ceneKTHBHO OTpa>KaTenbHoe aha ahmhw BonHbi 
nepBoro na3epa m npospaHHbie Ana ahmhw 
BonHbi BToporo naaepa 3epKaxia, KOTopwe 
pacnonoaceHbi Ha onrnnecKnx ocax nepBoro m 
BToporo nasepos, cooTBeTCTBeHHo 
ycTanoBJieHHwe Ha onrMnecKofi ocm BToporo 
jiasepa, 4>OKycMpyK>inyio cMCTeiwy m onTMMecxoe 

BO/10 KHO C HaKOHGMHMKOM, BbfXOA KOTODOTO 

flBriflercfl onTMHecKMM buxoaom ycTpo«cTBa, 
omMMajomeecfl TeM, mto b Hero BaeAeH TpeTMH 
MMnynbCHbi^ na3ep, onTMnecKan ocb KOToporo 
napannenbHa onTMMecicMM ochm AByx APyrwx 
na3epOB, a Ha ero ocm ycTaHoaneHo 
orpaxcaTenbHoe 3epKano, npMMeiw 

orpaxarejibHbie sepKana ycraHoaneHbi c 

B03M0)KHOCTbK) BbiBOfla MX M3 XOfla M3JiyM8HMM, a 

Ha onTMHecKoJi ocm BToporo na3epa 3a 
ceneKTMBHbiM aepKanoM ycraHOBJieHo BTopoe 
cejieKTMBHo oTpawcaTe/ibHoe Ann ahmhw bojihw 
TpeTbero na3epa m npo3paMHoe Ann a^mh bojih 
nepBoro w BToporo na3ep0B aepKano, onTMMecKM 
conpnxceHHoe c orpaxare/ibHbiM sepicanoM, 
ycTaHOB/ieHHbiM Ha onTMnecKOM ocm TpeTbero 
na3epa, qboicycMpyiomeM CMCTeiwoM m bxoaqm 
onTM^ecKoro BonoKHa, pacnonoxeHHbix Ha ocm 
BToporo na3epa, KpoMe Toro, na KaxAOM M3 
ocetf nepBoro m TpeTbero na3epoe 
nocneAOBaTeribHo no xoAy ManyneHMn 
pacnonoaceHbi cfcoicycMpyiomafl CMcrewa m 

OnTMHeCKOe BOnOKHO C HaKOHeHHMKOM. BblXOAbf 
KOTOpblX RBJlflK)TCfl APyrMMM OnTMMeCKMMM 

BbixoAawiw ycrpoMCTBa, cna6>KeHHoro TaKxe 
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XOTfl 6bl OAHMM npMeMHMKOM MHCjX)pMai^MM O 
COCTOflHMM 6n0fI0rMH8CK0M TKaHM, BXOA KOTOpOTO 

BbinoriHeH Ann conpnjKeHMH c moctom 

B03Ae«CTBMfl Ha TKaHb, a BWXOA COeAMHeH c 

bxoaom onoKa ynpaaneHMn. BbixoAbi KOToporo 
coeflMHeHbi c BbfXOAOM aneKjpoHHbix KnioHefi, 
ycTaHoaneHHbix b qennx coeAMHeHMn xa)KAoro 
naaepa c 6jiokom nMTaHtia. 

3. ycTDOMCTBO no nn.1 m 2, omMHaioineecfl 

TeM, MTO npMeMHMK MHC}XDpMai4MM O COCTOflHMM 

OMonorMHecKoR TKaHM BbinoriHeH b BMAe 
cneKTpoaHauiM3aTopa b oSnacTM 200 1500 hm, 
bxoa KOToporo BbinoriHeH Ana onTMMecKoro 
conpn>KeHMyi c MecTOM B03AeCicTBMfl Ha TKaHb, m 
cocTOfli^ero M3 AMcnepcMOHHoro 3/ieMeHTa, 

JlMHe^KM CjXDTOAeTeKTODOB M 3JieMeHTa 

cpaBHeHHR. 

4. ycTpoMCTBo no nn.1 m 2, ornMHaKni^eecfl 

TeM, HTO npMeMHMK MHCjjOpMat^HM O COCTOHHMM 

6MonorM4ecKofi TKaHM BbinoriHeH b BMAe 

0OTO3JieKTpMMeCKOrO npMSMHMKB 

MHcJjpaKpacHoro ManyneHMn, bxoa KOToporo 
BbinoriHeH Ann orrrnMecKoro conp^eHMH c 

MeCTOM B03fle^CTBMfl Ha TKaHb nocpeACTBOM 

noBopoTHoro 3epKana, pacnonoxeHHoro Ha 
onTMMecKofl ocm na3epa we>KAy BbixoAHbiM 
aepKa/iOM naaepa m cfoKycMpyKDineM cMcreMOM, 
Mepes cfiMHbTp c nonocofl nponycKaHun, 
MCKnioMarameM nonaAaHMe Ha npMeMHMK 
ManyneHMa na3epa. 

5. YcTpoMCTBo no nn.1 m 2, ornMnaioiueecn 

TeM, MTO npMeMHMK MHCt)OpMai|MM O COCTO^HMM 

6wonorvNecKofi TKaHM BbinonHeH b BMAe 
a KycT MHecKoro npMeMHMKa, ycraHOBneHHoro 
TaKMM o6pa30M, mto HanpaaneHMe era 

MaKCMManbHOM MyBCTBMTen bHOCTM COCTaBJl«eT c 

HanpasneHMeM onTMMecKOM ocm Ha BbixoAe 
HaKOHeMHMKa yron a, yAoaneTBopjuoiAM^ 
ycnoBMKD 11* < a < 86* 

6. YcTpoMCTBo no nn.1 m 2, omMMatou^eecfl 
TeM, mto aneKTpoHHbiM icnioH BbinonHeH b BMAe 
nonynpoaoAHMtcoBoro unM aneKTpoaaKyyMHoro 
nepeicniOMaTenfl. 

7. ycTpotfCTBo no nn.1 m 2, omMMaioineecn 
reM, mto oho Aono/iH MrenbHO cHa6>KeHo 
cMcreMoii opoujeHMn 3ohw o6pa6orKM, 
cocrofli^eS M3 peaepByapa Ann boau c 
BOA^HbiM HacocoM m BQ3flywHoro KOMnpeccopa, 

COOT BeTCTByiOU^Me BblXOAJb' KOTOpblX 

o6"beAMHeHW b naKOHeMHMKax m flBJiwoTCfl 

MppMrai^MOHHblMM BblXOAaiUlM ycTpoKcTBa, a 

BoaAyiiJHbiff KOMnpeccop b MecTe coeAMHeHMn c 
B03flyxonpoeoflaMM CHa6mdH 
oneKTpoMarHMTHbiMM KnanaHaMM, 
noAKmoneHHbiMM k BbixoAaM 6noxa ynpaaneHMfl. 
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